Study objective-To determine the validity of a self administered physical activity questionnaire to be used as part of a screening device for postmenopausal osteopaenia (with additional questions on medical history and calcium intake). Design-A questionnaire was posted to 86 perimenopausal women to enquire about weekly hours spent in non-sedentary activity at work, in the household, and during leisure hours. Subjects who returned the questioimaire were visited at home and asked to complete a four day activity diary and subsequently to undertake a submaximal estimate of VO2 MAX, carried out using a treadmill ergometer. They were interviewed to clarify questionnaire and diary entries. Questionnaire validity was assessed in comparison with the diary estimates of hours of activity and with V02 MAX.
Abstract
Study objective-To determine the validity of a self administered physical activity questionnaire to be used as part of a screening device for postmenopausal osteopaenia (with additional questions on medical history and calcium intake). Design-A questionnaire was posted to 86 perimenopausal women to enquire about weekly hours spent in non-sedentary activity at work, in the household, and during leisure hours. Subjects who returned the questioimaire were visited at home and asked to complete a four day activity diary and subsequently to undertake a submaximal estimate of VO2 MAX, carried out using a treadmill ergometer. They were interviewed to clarify questionnaire and diary entries. Questionnaire validity was assessed in comparison with the diary estimates of hours of activity and with V02 MAX.
Participants-A total of 86 perimenopausal women aged 43-54 years were randomly selected from a GP list in Hammersmith, London. Thirty five women (41%) returned the questionnaire. They were visited at home, given the diary to complete, and invited to attend the physiology laboratory for VO2 MAX measurements. Twenty six of the 35 (74%) completed the study and were included in the final analysis. Main results-Women spent an average of 51 hours per week in non-sedentary activities. Questionnaire and diary yielded similar results (51.05 versus 51.30 h/wk), and there was a good correlation between diary and questionnaire estimates of total weekly hours ofnon-sedentary activity (r = 0.45, p<0.05). Other significant correlations were for standing (r=0.69, p<0.01), leisure activities (r= 0.66, p<0.01), and for light household activities (r = 0.42, p<0.05). Correlations were better for employed than non-employed subjects. In relation to the diary, the questionnaire correctly classified 60% into the top or bottom half of the distribution of activity.
Sensitivity and specificity of the questionnaire were both equal to 61.5%. Conclusions-The questionnaire is useful for classifying subjects according to their level of activity, especially when administered in conjunction with an interview. The four day diary provided a useful reference measure and a focus for discussing activity patterns during an interview related to the questionnaire responses.
(J Epidemiol Community Health 1997;51:365-372)
The report on physical activity by the National Heart Forum emphasises the need for reliable measures of activity in the population.' However, physical activity is difficult to measure accurately, especially in epidemiological studies involving large numbers of subjects. 2 Physical activity has been identified as an important risk factor for osteoporosis and its fractures. There is a positive association between bone parameters and physical activity, 16 and increased physical activity may be associated with a reduced risk of osteoporosis.7 Recent epidemiological studies have concluded that low physical activity is a risk factor for fractures of osteoporosis.8" The effect of regular habitual exercise on the risk of hip fracture is evident from differences in hip fracture rates between groups of individuals with different lifestyles or living in different parts of the same country. Lower hip fracture incidence was found in rural or mountainous communities in Yugoslavia,'°N orway," and Sweden.'2 Law et all3 have summarised evidence which shows that the risk of hip fracture is reduced by about half, in both sexes, as a result of regular habitual exercise. This protective effect of physical activity is likely to be permanent, as the effect of occupation is still apparent in the years following retirement." The effect of exercise may not be localised only to the exercised limb,'516 even when only moderate exercise is undertaken.'7 Moreover, habitual exercise, physical fitness, and muscle strength all correlate well with bone mass in relatively sedentary individuals in both sexes, leading to the conclusion that physical fitness is a major determinant of femoral neck and lumbar spine bone mineral density. '8 In the studies listed above, activity has been defined in a variety of ways, ranging from measures of hours spent in leisure or occupational activities to measure of physical fitness such as V02 MAX. But in relation to bone health, weight bearing and muscle pull activities are the types of exercise most likely to maintain or increase bone mass.
Physical activity is a complex behaviour of many interrelated dimensions that is difficult to measure without bias. More than 30 different techniques are available for assessing physical activity, classifiable into seven major categories: calorimetry, job classification, survey procedures, physiological markers, behavioural observation, mechanical and electronic monitors, and indirect dietary estimates.19 Each of those techniques measures only one aspect of the entire behaviour pattern (eg energy expenditure with calorimetry, frequency and pattern of activity with survey procedures, etc). Furthermore, some of these techniques relate more clearly to some health problems than others (eg energy expenditure with obesity, intensity of aerobic activity with cardiovascular competence, and weight bearing or muscle loading activity with osteoporosis). Despite the variations in technique, however, there is a generally described consistent inverse relation between increased level of physical activity and the risk of coronary heart disease, osteoporosis, and type II diabetes.20
There is no validated questionnaire designed to relate present physical activity of muscle loading to bone density specifically for perimenopausal and newly postmenopausal women. The report by Cauley et al2' shows relatively poor agreement between the five most commonly used measures of activity in a group of postmenopausal women. The measures included the Paffenbarger questionnaire22 (which focuses mainly on leisure time activities); a modification ofthe Paffenbarger questionnaire, which focuses only on sport activities; the Baeke questionnaire23 (which uses Liekert scales to classify subjects according to work, leisure, and sport activities, but omits activities of daily living); a large scale integrated activity monitor; and an estimate of caloric intake based on KEY POINTS * A quick and accurate method has been developed to assess the usual levels of physical activity which influence the rate of bone loss and subsequent risk ofosteoporotic fracture. * A questionnaire to assess physical activity was validated against a 4 day activity diary; the sensitivity and specificity of the questionnaire were 61.5%. * The women spent on average about 51 hours per week in non-sedentary activities at work, at home, and in leisure pursuits. * A subsequent study has shown that women with below average activity levels have significantly lower bone mass.
Validity of physical activity questionnaire * Occupational activities, including type of work, hours of work per week, hours spent sitting, standing, walking or other activities (eg bending) including the time spent during breaks, and time spent on journey to and from work (the round trip), including sitting, standing, walking, or cycling; * Household activities at three levels (light, moderate, and heavy) and the number of hours spent weekly doing each type; and * Leisure time activities, including sporting activities at four levels (light, moderate, hard, and very hard), for which respondents were asked to note the time spent per occasion on each activity listed, how many occasions per month, and how many months per year. After two to four days, a visit was arranged at the subjects' homes, where the questionnaire responses were clarified and checked for completeness. The subjects were given a four day diary in which to keep a record of all their activities on two weekdays and two weekend days (see Appendix II). If they worked at the weekend, they were asked to consider these days as working days and their off-days during the week as weekend days. Each diary was divided into half hour intervals, and subjects were asked to record their activity every half hour by entering a letter to denote the type of activity (eg S = sitting, W = waking), and a brief one or two word description. At the end of the diary, questions were included about routine weekly activities done on specific days of the week and their type, duration, and intensity. An explanation about how to fill in the diary was given on the introductory page, and was repeated verbally. At the end of the home visit, each subject was given an appointment to attend the Physiology Department at King's College and to bring the completed diary. The diary was then checked at interview and the usual pattern of weekly leisure activity elu- cidated, based on the responses to the questions in the end of the diary.
MEASUREMENT OF V02 MAX Weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) were measured without jacket and shoes using Avery scales and a fixed stadiometer. Pulse and ECG were measured using a three electrode recording device and VO2 MAX was estimated using three measurements of work on a treadmill. Electrodes (3M Red Dot) were attached to the subject's chest and connected to a Roche 123-102 ECG monitor and Electromed MX2 16 recorder. The subjects stood on the treadmill (Morgan), a safety harness was fastened, and the positioning of the electrodes was checked. The treadmill was started at 00 incline and the subject was asked to walk on the treadmill for 3 minutes at a speed of 3 km/h. After fitting a nose clip and breathing tube attached to a two way valve and Douglas bag, and allowing one minute for the subject to accustom herself to the apparatus, a one minute timed sample of respired air was collected in the Douglas bag while treadmill revolutions were being counted. After removing the mouth piece and nose clips, the treadmill incline was increased to 20 at the same speed, subjects were given 3 minutes to adjust to the new work load, and a respired air sample was collected as before. A third respired air sample was also collected at 40 incline. After the three samples had been collected, the treadmill was stopped and the subject was seated until their heart rate had returned to normal. Measurements of oxygen and carbon dioxide content were made with a Servomex type OA250 oxygen analyser and digital carbon dioxide analyser (H&BUras). Total volume of gas was measured using a Parkinson Cowan gas metre. V02 MAX was determined using the method of Astrand and Rodhal. '7 STATISTICAL ANALYSIS The mean (SD) was calculated for the different indices of physical activity reported in the questionnaires and diaries. Differences between diary and questionnaire estimates of activity were assessed by paired t test. Pearson correlation coefficients were calculated to determine the strength of the relationship between estimates of physical activity using diaries and questionnaires. The validity of the questionnaire for correct classification of subjects into "high" or "low" (above or below the median) activity levels was expressed in terms of sensitivity and specificity. Agreement between diary and questionnaire according to classification of activity into "high" or "low" was assessed by Cohen's kappa. The study with a sample size of 26 had an 80% power to detect statistically significant correlation coefficients equal to 0.52 (significant at the 5% level). Analyses were conducted using SPSS.2" Table 3 (p<0.0 1), "light household" (p<O.O 1), "hard leisure" (p<0.0 1), "very hard leisure" (p<0.0 1), "total activity" (p<0.05), and "light" (p<0.01). The significant values for "hard leisure" and "very hard leisure" were again due to a large number of zero values. Statistically significant differences between the diary and questionnaire means were observed for "light household activity" (p<0.05), and for "moderate leisure" (p<O.O 1). Non-employed women (table 4) had correlations between the diary and questionnaire responses which reached statistical significance only for "moderate leisure" and "moderate-plus" (p<O.O1), due in part to the small number ofsubjects. Significant differences were observed between the means of "moderate household activity" (p<0.05).
The correlations were generally better for the employed women than the non-employed women, especially for daily activities such as "standing" and "light household" and for the "total". Table 5 shows the classification between the questionnaire and diary responses above and below 50 hours (median) total non-sedentary activity per week. The sensitivity and the specificity were both 61.5%, and Cohen's kappa= 0.23.
There were no statistically significant correlations between VO2 MAX and the total hours ofnon-sedentary activity estimated either from the diary or the questionnaire, nor for any single categories of activity, with the exception of heavy household activities based on the diary (but for which only six women had non-zero values).
Discussion
Although only 35 of the 86 subjects who were approached responded to the initial letter, many subjects had either moved or were away on holiday during the period of the study (July- (table 4) . This suggests that employed three had in-women were able to estimate their activities body size char-more accurately. They have more structured completed the time during the day, and outside of working ose for women hours seem to be more aware of specific ache dietary and tivities. Employed women therefore seemed to ults 29 and lead be better able to break down the time spent on uses of the val-different activities than non-employed women, kely to be rep-who spent more time on less clearly structured vomen living in moderate and heavy household activities.
The tendency to report high levels of modaverage total erate household activity on the questionnaire i-sedentary ac-compared with the diary was greater for the t between diary non-employed women than employed women individual cat-(differences between diary and questionnaire as not so close. were 6 hours per week for non-employed -ant differences women, zero for employed women). This may ate leisure" and be a reflection of the observation above that he slight over-certain types of activity seem to take longer. " activity in the Nevertheless, there were no statistically sigo the attitudes nificant differences within either the employed Lctivities. They or non-employed groups between diary and ies, which were questionnaire estimates of total hours of acquestionnaire. tivity, and no differences between the groups. ieavy activities, This provides some measure of confidence that are of the time the questionnaire is providing equally good es and tended estimates of total hours of non-sedentary activity in both employed and non-employed women.
In table 5, the agreement between the diary and the questionnaire for subjects classified into high or low levels of activity showed that the sensitivity and the specificity were both 61.5%, and Cohen's kappa was 0.23. Although these values are low, they are better than those reported previously in the literature relating to studies of women's activity.
The problems of over or under estimation were expected. There were individual differences in the ability to estimate activity depending, in part, on the attitude of the individual to certain types of activity (seen as "good", "healthy", "burdensome", etc), and in part on the inevitable over lapping between certain categories of activity. Standing and walking, for example, are involved in many other activities. The design ofthe questionnaire might not have been structured enough for the women whose time is less organised throughout the day to allow them to classify readily the different components of their daily physical activity.
In the present study, the low sensitivity and specificity may be explained by the use of a diary which included only four days and which, given the subject's choice of days and seasonal variations, may not 45-60) . The level of agreement between questionnaire and diary is better than that reported in most other validation studies, in spite of the relatively small number of subjects in the present study.
A purely postal questionnaire may always be flawed as a measure of habitual activity because subjective impressions regarding levels of intensity of different activities appear to differ between subjects and need clarification by an interviewer. In the present study, the use of a brief interview with subjects following completion of the questionnaire resulted in a substantial improvement in estimates of time spent in non-sedentary activities. It is reasonable to speculate that the combination of a questionnaire plus short diary (both of which can be posted to subjects), together with a brief interview (which can be carried out by telephone), may provide the most useful information for epidemiological studies. An alternative may be to ask subjects to maintain activity diaries over an extended period oftime. The two latter approaches would need to be assessed in an epidemiological context. Until such studies are completed, it seems appropriate to recommend the questionnaire and interview described in this paper as the most effective technique reported to date for assessing habitual levels of non-sedentary physical activity. 
